Liver glycogen is depleted in guinea pigs infected with Coxiella burneti. Syntheses of the glycogen precursors uridine triphosphate and uridine diphosphate glucose are unaffected during Q fever, but glycogen synthetase activity is inhibited. Exogenous cortisol relieves this inhibition in infected animals. Orotate and amino acids are more rapidly incorporated into ribonucleic acid and protein during infection. It is proposed that the biochemical defect in the synthesis of glycogen lies in the inactivation of glycogen synthetase.
During experimentally induced Q fever in the guinea pig, the liver undergoes morphological and biochemical changes, including increases in size, weight, and lipid content. Glycogen depletion is accompanied by diminished glycogen synthetase activity (20) . Concomitant changes occur in the chemical composition and enzyme activities of the hepatic rough endoplasmic reticulum (21) . Inhibition of glycogen synthesis at the glycogen synthetase level during Q fever raises the question of the status of other key intermediate metabolites in glycogen synthesis. The wide occurrence of overtly similar pathologies in bacterial and protozoan infections (16, 24) and during pharmacological damage (17) suggests operation of some common factor or factors during liver damage. Stress could be a factor because of its influence on hormonal levels and hormonal roles in metabolic regulation (23, 27) . Altered amino acid levels may also induce or repress enzymes (22) . In the following experiments we describe the synthesis in uninfected and Coxiella burneti-infected livers of uridine diphosphate glucose (UDPG), uridine triphosphate (UTP), and glycogen in the presence of cortisol and amino acids. The effects of cortisol on liver protein and ribonucleic acid (RNA) will also be discussed.
The enzymes chosen for study are in the immediate cycle of glycogen synthesis, and included adenosine triphosphate (ATP):nucleosidediphosphate phosphotransferase (n ucleosidediphosphate kinase, EC 2.7.4.6), UTP:a-D-glucose-l-phosphate uridylyl-transferase (glucose-Iphosphate uridyltransferase, U DPG pyrophosphorylase, EC 2.7.7.9), and uridine diphosphate (UDP) glucose:glycogen a-4-glucosyl-transferase (glycogen synthetase, EC 2.4.1.11).
MATERIALS AND METHODS Infection. Hartley strain, male guinea pigs (300 to 400 g) were infected with C. burneti Nine Mile strain phase I, as previously described (21) . Control animals were injected with a suspension of uninfected yolk sac. Animal weights and temperatures were recorded daily.
Postinfection treatment. In the first series of experiments, 24 guinea pigs were divided into eight groups of three animals each. Four groups were infected and four were uninfected controls. Each infected group was paired with an uninfected group. At 72 hr postinfection, food was withheld from all groups, but water was allowed ad lib.
In the paired set designated "cortisol-treated," each animal was injected intraperitoneally 8 (14) . Glycogen was analyzed by the anthrone method (12) .
Acid-soluble and acid-insoluble fractions of RNA were separated and measured spectrophotometrically by using E2601% = 312 (19) . Specific activities of proteins were obtained from the protein precipitate remaining after extraction of RNA. The precipitates were digested with hydroxide of Hyamine lOX, and radioactivity was measured in a Packard liquid scintillation spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.).
Enzyme assays. ATP:UDP phosphotransferase was assayed with 32P-ATP labeled in the terminal phosphate, prepared by the method of Glynn and Chappell (8) The clinical course of the infection in guinea pigs followed a typical pattern (20) . The size and weights of infected livers increased, as did the ratio of liver to body weight (Table 1) . Table 2 shows the effects of exogenous cortisol and casein hydrolysate on activities of liver ATP:UDP transferase (UTP synthetase) during Q fever. The livers of untreated, infected animals displayed a higher specific activity of this enzyme than comparable uninfected tissue. Cortisol and casein hydrolysate addition each enhanced phosphotransferase activity, both in uninfected and in infected animals. Uninfected animals showed a greater response to exogenous cortisol and to casein hydrolysate than did the infected guinea pigs. The responses to the combination of cortisol and casein hydrolysate were not additive but rather achieved the level of response to cortisol alone. In the presence of exogenous cortisol, the ATP:UDP transferase activity increased to the levels found in the infected animal.
UDPG pyrophosphorylase catalyzes the synthesis of UDPG in the reaction: G-l-P + UTP = UDPG + PP. The activity of this enzyme increased during infection (Table 3 ) and exogenous cortisol increased enzyme activities. Casein hydrolysate administration depressed UDPG synthesis somewhat, and the combination of casein hydrolysate with exogenous cortisol increased enzymatic activity. As was the case with ATP: UDP transferase, UDPG pyrophosphorylase activity was consistently greater in infected livers.
Consistent with previous reports (20, 21) , liver glycogen synthetase activity decreased during infection (Table 4) . Glycogen synthetase was measured by the reaction 14C-glucose-UDPG + glycogen In) = UDP + "4C-glycogen (n+ 1.-Exogenous cortisol enhanced glycogen synthetase activity in uninfected and infected liver. Enzyme activity increased twofold in normal liver, but the activity of infected liver synthetase increased sixfold. Administration of casein hydrolysate increased activity of normal liver synthetase but had no effect on infected liver synthetase. When both cortisol and casein hydrolysate were administered, the uninfected livers displayed an increase in activity, but the infected livers showed a smaller increase than when treated with cortisol alone. The level of activity in both uninfected and infected livers was similar when the animals were treated with the combination of cortisol and casein hydrolysate.
The participation of administered amino acids in protein synthesis was examined by administering uniformly labeled "4C-amino acids ( Table  5) . Because of the role of RNA in protein synthesis, the simultaneous synthesis of RNA was studied employing 3H-orotate. Table 5 shows that both the protein and RNA of infected livers had a greater specific activity than that in. uninfected livers, even though the protein and RNA concentrations (mg/g of liver) were about the same. The values in Table 5 were derived from pooled animal livers. In 5 other similar experiments in our laboratory, individual infected/un- (4) . The inhibition factor could be a product of C. burneti similar to the bacterial endotoxin which inhibits induction of tryptophan pyrrolase (1). Although C. burneti has as yet no demonstrable toxin, trichloroacetic acid extracts of the rickettsia are pyrogenic (2) . It The increased incorporation of orotate and amino acids into RNA and protein (Table 5) was qualitatively similar to the results of other workers (7, 27) UDPG, was unaffected. UTP serves as a branch point, not only for glycogen synthesis via UDPG, but also for RNA synthesis. Glycogen synthesis was stimulated in the uninfected animal but remained unchanged in the infected one. In no case did the simultaneous administration of both hormone and casein hydrolysate produce a synergistic or more than additive response.
In the present report, it is shown that glycogen synthetase activity, which is depressed during Q fever, is restored to normal levels by the addition of exogenous cortisol, and the mechanism is likely the conversion of an inactive form of glycogen synthetase to its active form. The enhanced amino acid incorporation in infected livers may be directly due to the accelerated synthesis of RNA. If the lat'r phenomenon is due to the increased levels of cortisol found in the infected liver, the increased levels of cortisol found in the infected liver may be sufficient to stimulate RNA and protein synthesis and insufficient to overcome the factors responsible for glycogen synthetase inactivation.
At this time, it appears that the biochemical defect responsible for glycogen depletion during Q fever is inactivation of glycogen synthetase. Enhanced amino acid incorporation into protein and enhanced orotate incorporation into RNA in infected animals are consistent with events in regenerating liver.
